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(57) ABSTRACT 
The present invention includes a packaged coated Work 
piece. The packaged coated workpiece has: (1) a Workpiece 
coated With a resist ?lm sensitive to optical radiation, 
particulates or chemical contaminants; (2) an inner barrier 
sealed to enclose the coated Workpiece and optionally a ?rst 
getter agent, to produce a sealed ?rst enclosure; and (3) an 
outer barrier sealed to enclose the sealed ?rst enclosure and 
optionally a second getter agent, provided that the packaged 
coated Workpiece has at least one getter agent, to produce a 
packaged coated Workpiece suitable for storage for a period 
of at least one Week Without substantial loss of sensitivity, 
resolution or performance. The present invention also 
includes a process for preparing a packaged coated Work 
piece and a method of increasing the storage time of a coated 
Workpiece to at least one Week Without substantial loss of 
sensitivity, resolution or performance. 
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AGING OF KRS-XE WIYH DIFFERENT TEMPERATURES 
AND DIFFERENT HUMIDITIES 

III 44%RH, 20°C 
‘i1; 90%RH, 20°C 
A 7D°/;RH, 40°C 
O 90%RH, 40°C 

FILM LOSS (A) 

WAFER AGING TIME (DAYS) 

FIG. .3 
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FIG. 5b 

FIG. 50 
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PACKAGED RADIATION SENSITIVE COATED 
WORKPIECE PROCESS FOR MAKING AND 

METHOD OF STORING SAME 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a coated workpiece 
packaged in a sealed enclosure comprising one or more 
barriers and getter agents in an enclosure substantially free 
of chemical contaminants for storage Without loss of sensi 
tivity, resolution or process latitude. More particularly, the 
present invention relates to a package for storing environ 
mentally sensitive resist-coated mask blanks. 

[0003] 2. Description of the Related Art 

[0004] Chemically Ampli?ed Resists (CAR) are 
extremely sensitive to contaminants. In microelectronic 
device manufacturing, Chemically Ampli?ed Resists are 
generally manufactured and used on site in controlled envi 
ronments and tool sets. They are not packed for storage. In 
mask blank Writing, the mask blank manufacturer coats the 
blanks With a Chemically Ampli?ed Resist, generally in a 
mask shop, and ships them to a location Where they can be 
exposed and subsequently processed into a mask. In such 
cases, packaging is of great importance. 

[0005] One of the problems associated With the manufac 
ture and shipping of resist-coated mask blanks has been the 
variability in the performance of the resist-coated mask 
blanks resulting from variable degree of contamination. 
Because the presence of a defect in the resist-coated mask 
blanks can not be detected by practical methods at an early 
stage, such defects do not surface until at a very advanced 
stage of use, i.e., after many hours of imaging and devel 
opment Work When degradation of the properties of the 
resist-coated mask blanks become obvious. 

[0006] Proper storage of coated ?lms of photosensitve 
materials is a common problem associated With humidity, 
heat, and solvent absorption. These effects are described, for 
example, in: (1) US. Pat. No. 6,120,983; (2) an article by H. 
Ito and M. SherWood, J. Photopolymer Science and Tech., 
12, 625-636 (1999), Which discloses an investigation of a 
DUV resist by NMR including aspects of residual casting 
solvent and PAG decomposition in a ?lm and storage effects; 
and (3) G. CZech, et al., Microelctronic Engineering, 23, 
331-5 (1994), Which describes the in?uence of DMF on 
pro?les of chemically ampli?ed resists. In addition, the 
chemically ampli?ed resists are susceptible to absorption of 
amines and moisture, as described in an article entitled 
“Airborne Contaminants and Chemically Ampli?ed Resist 
Stability” by W. Hinsberg, S. MacDonald, N. Clecak, C. 
Snyder and H. Ito, SPIE Proceed., 1925, 43-53 (1993). US. 
Pat. Nos. 5,985,524; 5,962,184; 5,861,231; 5,712,078; 
5,585,220; 5,296,332 and 4,491,628 describe chemically 
ampli?ed resist (CAR) based on acid catalyZed removal of 
acid sensitive resists containing acid sensitive functional 
groups, such as, t-butylesters, carbonates, acetals or ketals. 
Base sensitive resists are also knoWn. Both type resists have 
been developed over the last tWenty years as fast resists of 
high resolution for photolithography With doses of <50 
mJ/cm and for electron beams in the range of <50 nC/cmz. 

[0007] Fast and high resoltuion resists that are exposable 
by electron beams or laser beams at all Wavelengths are also 
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vital for next generation production of photomask blanks 
(see “Positive Chemically Ampli?ed Resist for Next Gen 
eration Photomask Fabrication” by T. SegaW et al., SPIE 
Proceed., 3236, 82-93 (1999)). In this process, precoated 
plates of resist on chrome covered quartZ are Written by a 
laser or electron beam pattern generator. Precoated plates are 
generally received from a blank manufacturer. 

[0008] Because the ?lms of resist are very thin, i.e., <400 
nm thick, a coated six inch square plate has only about 10 
mg of resist Which Would be susceptible to microgram levels 
of absorbed acid, Which may subsequently catalyZe the 
deprotection reactions of the ampli?ed resists. Thus for long 
term storage of the CAR resists, the storage environment 
should be free of even minute quantities of acids, particu 
larly acids having a pKa<6, bases having a pKb<6, as Well 
as solvents and moisture. Ambient air contains moisture and 
can also contain acid precursors, such as, sulfur dioxide 
(S02) and nitrogen oxide (N02), Which are common con 
taminants in the environment occuring generally at ppm 
levels. For contamination caused by acid precursors, see J. 
Lynch, C. VanBoWersox and J. Grimm, Environmental Sci 
ence and Technology, 34, 940-9 (2000). 

[0009] Prior art attempts to preserve chemically ampli?ed 
resist (CAR) have involved providing a topcoat of poly 
acrylic acid, as described in an article entitled “Effect of 
Gaseous Peremeability of Overcoat Layer on KrF Chemi 
cally Ampli?ed Positive Resists” by S.Kishimura, J. Sakai, 
K. Tsujita and Y. Matsui, J. Vac. Sci and Tech., B14, 4234-8 
(1996), or ?ltering the contacting environment to remove 
ammonia and amines, as described in an article entitled 
“Development of Ammonia Absorption Filter and Its appli 
cation in LSI Manufacturing Environment” by A. Saiki, et 
al., J. Photopolymer Science and Tech., 8, 599-606 (1995). 
In some cases, such topcoats have caused deteriorated 
performance (process scumming) and/or have introduced 
coating defects to the resist ?lm, as described in the previ 
ously cited S.Kishimura, J. Sakai, K. Tsujita and Y. Matsui, 
J. Vac. Sci and Tech., B14, 4234-8 (1996). Filtration of the 
process air has been used to prevent “T-top” scumming 
during the post-expose bake, as described in previously cited 
W. Hinsberg, S. MacDonald, N. Clecak, C. Snyder and H. 
Ito, SPIE Proceea'., 1925, 43-53 (1993) and A. Saiki, et al., 
J. Photopolymer Science and Tech., 8, 599-606 (1995). 
HoWever, this approach has not been used With acidic vapors 
or under long term storage conditions. 

[0010] US. Pat. No. 6,120,860 describes a package to 
store reactive liquid organic amines inside a bag. The 
package uses aluminZed nylon coated With polyvinylidene 
chloride. This patent does not make any reference to storage 
of a Workpiece coated With a resist ?lm that is sensitive to 
optical radiation, particulates or chemical contaminants, 
including outgassing acids, vapors and moisture. No getter 
agents are included in this package. 

[0011] Acid catlyZed deprotection of radiation sensitive 
chemically ampli?ed polyhydroxystyrene ketal resists used 
for mask-making and their storage is described in US. Pat. 
Nos. 6,043,003 and 6,037,097 and W. Huang, et al., “A CA 
Resist With High Sensitivity and sub 100 nm Resolution for 
Advanced Mask Making,” Proceedings of SPIE, Vol. 4066, 
pages 150-159 (2000). Attempts to preserve plates by pack 
aging the coated plates in a single layer polymer package, 
i.e., a single plastic bag, are described in US. Pat. Nos. 
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6,043,003 and 6,037,097. However, this method is not 
adequately effective. For example, it is not effective aginst 
permeation of acidic or basic organic or inorganic vapors or 
potential outgassing acids, vapors and moisture from the 
packaging materials themselves, from the resist coated mask 
blanks or from the carrier or holder of the resist coated mask 
blanks. 

[0012] None of the above references describe storage of 
environmentally sensitive resist-coated mask blanks Without 
loss of sensitvity, resolution or process latitude in an enclo 
sure substantially free of chemical contaminants. None of 
the above references substantially addresses the problem of 
variability in the performance of the resist-coated mask 
blanks resulting from variable degree of contamination. 
Because the presence of a defect in the resist-coated mask 
blanks can not be detected by practical methods at an early 
stage, such a defect does not surface until at a very advanced 
stage of use, i.e., after many hours of imaging and devel 
opment Work When degradation of the properties become 
observable. None of the above references has a solution to 
the problem of variability in the performance of the resist 
coated mask blanks or suggests a method of producing 
reprodicible performance attributes. Thus, there is a great 
need in industry for means for reproducibly storing such 
coated ?lms of photosensitve materials Without loss of 
sensitvity, resolution, process latitude and performance. 

[0013] It is highly desirable that plates coated With pho 
tosensitve materials should last at least three months and the 
resist should not change in dose to print or in lineWidth more 
than about 5%. Furthermore, since the chemically ampli?ed 
resist (CAR) ?lms Would be particularity sensitive to mois 
ture and acid precursors, such as, SO2 and N02, the physical 
or chemical removal of the vapors inside the package to 
store photomask blanks Would be highly desirable for pro 
tection against in?ltration of reactive vapors and outgassing 
contaminants. 

[0014] Accordingly, it is the object of this invention to 
provide a packaged material, such as a coated chemically 
ampli?ed or non-chemically ampli?ed resist plate, a process 
for preparing such a packaged material and a method of 
storing such a material inside a package for a period of at 
least three months to preserve the sensitvity, resolution and 
performance thereof after such a storage 

SUMMARY OF THE INVENTION 

[0015] The present invention includes a packaged coated 
Workpiece comprising: (1) a Workpiece coated With a resist 
?lm sensitive to optical radiation, particulates or chemical 
contaminants; (2) a sealed enclosure comprising one or more 
barriers for isolating the coated Workpiece from an outside 
environment; and (3) one or more getter agents for produc 
ing an enclosure substantially free of chemical contami 
nants; Wherein the packaged resist coated Workpiece is 
suitable for storage for a period of at least one Week Without 
substantial loss of sensitvity, resolution or process latitude. 

[0016] The present invention also includes a packaged 
coated Workpiece comprising: (1) a Workpiece coated With 
a resist ?lm sensitive to optical radiation, particulates or 
chemical contaminants; (2) a sealed enclosure comprising an 
inner barrier and outer barrier for isolating the coated 
Workpiece from an outside environment; and (3) at least one 
getter agent enclosed Within the inner barrier and/or the 

Mar. 11, 2004 

outer barrier for producing an enclosure substantially free of 
chemical contaminants. The packaged coated Workpiece is 
suitable for storage for a period of at least three months 
Without substantial loss of sensitvity, resolution or process 
latitude. 

[0017] The present invention further includes a packaged 
coated Workpiece comprising: (1) a Workpiece coated With 
a resist ?lm sensitive to optical radiation, particulates or 
chemical contaminants; (2) an inner barrier sealed to enclose 
the coated Workpiece and optionally a ?rst getter agent, to 
produce a sealed ?rst enclosure; and (3) an outer barrier 
sealed to enclose the sealed ?rst enclosure and optionally a 
second getter agent, provided that the packaged coated 
Workpiece has at least one getter agent, to produce a 
packaged coated Workpiece. The coated Workpiece is suit 
able for storage for a period of at least one Week Without 
substantial loss of sensitvity, resolution or performance. 

[0018] The present invention still further includes a pro 
cess for preparing a packaged coated Workpiece suitable for 
storage for a period of at least one Week Without substantial 
loss of sensitvity, resolution or performance. The process 
comprises the step of sealing a coated Workpiece and a getter 
agent in a barrier to enclose the coated Workpiece and the 
getter agent to produce the packaged coated Workpiece. In 
another embodiment, the process comprises the steps of: (a) 
sealing a coated Workpiece and optionally a ?rst getter agent 
in an inner barrier to enclose the coated Workpiece and the 
optional ?rst getter agent to produce a sealed ?rst enclosure; 
and (b) sealing the sealed ?rst enclosure and optionally a 
second getter agent in an outer barrier to enclose the sealed 
?rst enclosure and the second optional getter agent to 
produce the packaged coated Workpiece, provided that the 
packaged coated Workpiece has at least one getter agent. 

[0019] The present invention additionally includes a 
method of increasing the storage time of a coated Workpiece 
to at least one Week Without substantial loss of sensitvity, 
resolution or performance. The method comprises packag 
ing a coated Workpiece by a process comprising the step of 
sealing a coated Workpiece and a getter agent in a barrier to 
enclose the coated Workpiece and the getter agent to produce 
the packaged coated Workpiece. In another embodiment, the 
method comprises packaging a coated Workpiece by a 
process comprising: (a) sealing a coated Workpiece and 
optionally a ?rst getter agent in an inner barrier to enclose 
the coated Workpiece and the optional ?rst getter agent to 
produce a sealed ?rst enclosure; and (2) sealing the sealed 
?rst enclosure and optionally a second getter agent in an 
outer barrier to enclose the sealed ?rst enclosure and the 
optional second getter agent to produce the packaged coated 
Workpiece, provided that the packaged coated Workpiece has 
at least one getter agent. 

[0020] Using a combination of barrier materials and getter 
materials, the present invention provides a package system 
for storing a coated Workpiece, such as a chemically ampli 
?ed or non-chemically ampli?ed resist plate, in a substan 
tially dust free and chemically inert environment, for a 
period of at least one Week Without substantial loss of 
sensitvity, resolution and performance. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] FIG. 1 is a schematic of a packaged coated Work 
piece in a sealed enclosure. The sealed enclosure comprises 
a single barrier and contains one or more getter agents. 
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[0022] FIG. 2 is a schematic of a packaged coated Work 
piece in a tWo barrier sealed enclosure. 

[0023] FIG. 3 is a plot of ?lm loss versus Wafer aging time 
for aging of KRS-XE Wafers at different temperatures and 
humidities. 

[0024] FIGS. 4a, 4b, 4c and 4d are Scanning Electron 
Micrographs (SEM) of KRS-XE resist coated Wafers 
resolved to 100 nm equal lines and spaces. 

[0025] FIGS. 5a, 5b, 5c and 5d are Scanning Electron 
Micrographs (SEM) of KRS-XE resist coated Wafers 
resolved to 75 nm equal lines and spaces. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0026] It has been discovered that a packaging structure 
having a single barrier, preferably tWo barriers, such as an 
inner and an outer barrier, sealed to enclose a getter agent, 
such as, a physical or chemical getter agent for moisture, 
acids and bases, provides superior preservation of resist 
coated blanks. 

[0027] In one embodiment, the present invention includes 
a coated Workpiece and a getter agent enclosed in a single 
barrier. 

[0028] The coated Workpiece typically is a plate coated 
With a resist ?lm, Which can be a chemically ampli?ed resist 
or a non-chemically ampli?ed resist. Preferably, the coated 
Workpiece is a resist-coated mask blank, such as, a resist 
coated chrome ?lm on a quartZ blank. 

[0029] Preferably, the coated Workpiece is a substrate 
suitable for microelectronic device fabrication or is a sub 
strate suitable for fabrication of a mask, such as, an electron 
beam mask, X-ray mask, particle beam mask, excited state 
atom beam mask, ion beam mask or a photo mask. 

[0030] In another embodiment, the present invention 
includes a coated Workpiece and a getter agent enclosed in 
a sealed inner barrier producing a ?rst sealed enclosure. The 
?rst enclosure and a second getter agent are further sealed in 
an outer barrier to produce the packaged coated Workpiece 
according to this embodiment. 

[0031] The packaged coated Workpiece can further have a 
sealed intermediate enclosure betWeen the inner barrier and 
the outer barrier, i.e., an intermediate barrier sealed to 
enclose the sealed ?rst enclosure and optionally an interme 
diate getter agent. The packaged coated Workpiece can still 
further have additional intermediate barriers. 

[0032] The packaged coated Workpiece is suitable for 
storage for a period of at least one Week, preferably for a 
period of at least three months Without substantial loss of 
sensitvity, resolution or performance. 

[0033] The outer barrier provides a high barrier layer to 
in?ltration of acidic, basic vapors and moisture. The outer 
barrier encloses one or more getters packaged in a 
microporous material to eliminate contamination by particu 
lates. The microporous material typically is a nanoporous 
membrane prepared from, for eXample, a ?uorinated hydro 
carbon material. Preferably, the ?uorinated hydrocarbon 
material is a ?uorocarbon, vinylidene ?uoride homopoly 
mer, vinylidene ?uoride copolymer, GoreteXTM, Te?onTM or 
a combination thereof. 
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[0034] The inner barrier contains the coated Workpiece, 
Which typically is a coated plate, placed preferably in a 
upright holder. Getter agents are included inside the inner 
barrier to provide additional protection against the contami 
nants. 

[0035] It is highly desirable that the packaging materials 
themselves are not inherently prone to potential outgassing 
acids, vapors and moisture. Preferably, the packaging mate 
rials are prepared, i.e., dried or degassed, so that they are 
substantially free of potential outgassing acids, vapors, or 
moisture. Preferably, the barriers are sealed during packag 
ing in a dry inert gas atmosphere substantially free of 
residual acids, amines and moisture. 

[0036] The inner and outer barriers are formed from a 
material, such as, a metal foil, a plastic or a ?lled plastic. The 
barrier material can be a carbon ?lled plastic, graphite ?lled 
plastic, metal particle or metal ?ber ?lled plastic, organic or 
inorganic ionic conductor ?lled plastic, ultraviolet absorber 
containing plastic, infrared absorber containing plastic, or a 
combination thereof. 

[0037] Preferably, the barrier material for both inner and 
outer barriers is impervious to optical radiation, including 
ultraviolet (UV), deep ultraviolet and visible radiation. This 
barrier material is also impervious to particulates, such as, 
dust. 

[0038] Further, the inner and outer barriers are formed 
from a material Which is impervious to a chemical contami 
nant. HoWever, the inner barrier can optionally have one or 
more openings. Such openings make the inner barrier per 
vious to chemical contaminants, including chemical con 
taminants that form outgassing acids, vapors and moisture 
form the coated Workpiece. These openings in the inner 
barrier may be covered by a microporous material. 

[0039] After covering the openings in the inner barrier 
With a microporous material, the inner barrier Will remain 
pervious to chemical contaminants but impervious to par 
ticulates. Each of the inner and outer barriers can be a 
sealable bag. 

[0040] Such chemical contaminants typically are solid, 
liquid or vapor contaminants capable of causing a reduction 
in at least one performance property of the coated Work 
piece. The chemical contaminant comprises an acid precur 
sor or a base precursor. The acid precursor comprises NO2 
and SO2 emissions and moisture but the chemical contami 
nant is an acid, a base or moisture. 

[0041] Depending on its nature, a getter agent can perform 
a one or more of the folloWing functions: (1) neutraliZe 
acidic contaminants; (2) neutraliZe basic contaminants; and 
(3) maintain a desired relative humidity level Within the 
enclosure, for eXample, of less than 25% at room tempera 
ture. 

[0042] Each of the ?rst and the second getter agents can 
independently be a chemical drying agent, an absorbent for 
Water, an absorbent for a base, an absorbent for an acid, an 
absorbent for a gas or a combination thereof. Although only 
one or tWo types of a getter agents can be used if the nature 
of the contaminant is predictable or knoWn, it is preferable 
that a combination of a chemical drying agent, an absorbent 
for Water, an absorbent for a base, an absorbent for an acid 
and an absorbent for a gas are all included in the package to 
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ensure protection against any type of contaminant that can 
have a deleterious effect on the resist coated mask blank. 
Thus, for example, a preferred getter agent is a combination 
of silica gel, activated charcoal and potassium carbonate 
Which can neutraliZe the acidic or basic contaminants and 
also maintain Within the enclosure the desired relative 
humidity level. 

[0043] The getter agents include acidic alumina, basic 
alumina, acidic silica gel, basic silica gel, activated charcoal, 
citric acid, potassium carbonate, an amine, magnesium sul 
fate, sodium sulfate, and combinations thereof. Numerous 
other getter agents knoW to a person of ordinary skill in the 
art can also be used. Preferably the getter agent is a 
combination of silica gel, activated charcoal and potassium 
carbonate for neutraliZing acidic and/or basic contaminants, 
absorbing gaseous contaminats and also for maintaining 
Within the enclosure a relative humidity level of less than 
25% at room temperature. 

[0044] While inclusion of a getter agent in any of pack 
aged coated Workpiece is optional, the ?nal packaged coated 
Workpiece must have at least one getter agent Within the 
overall packaged structure. 

[0045] Referring to FIG. 1, schematic of a packaged, 
coated Workpiece, such as, resist coated mask plates 1 in a 
sealed enclosure is shoWn. The sealed enclosure includes a 
single barrier 6. Preferably, the resist coated mask plates 1 
are disposed in grooves on plate carrier 3, Which can be a 
plate ?xture. The sealed enclosure contains a getter agent 
placed in getter holding pilloWs 2a and 2b. 

[0046] The plate carrier 3 has a dummy plate 5, Which 
holds a getter agent located in getter holding pilloW 2b. The 
resist coated mask plates 1, the dummy plate 5 holding getter 
holding pilloW 2b and the plate carrier 3 may be optionally 
placed in housing 4. Housing 4 can be a sealed enclosure, 
such as a box, or can be an enclosure having one or more 

openings to permit removal of the contaminants by the getter 
agent in the getter holding pilloW 2a. The resist coated mask 
plates 1, the dummy plate 5, getter holding pilloW 2b and the 
plate carrier 3, in housing 4 (if present), are placed directly 
in barrier 6 along With getter holding pilloW 2a so that 
additional getter capacity is provided by the getter holding 
pilloW 2a. 

[0047] The coated Workpiece, i.e., the coated plate, can be 
a single piece or can be an array of several pieces. They can 
be placed Within the package in any order, arrangement or 
con?guration. Preferably, the plates are placed on a carrier, 
such as, a plate carrier. Alternatively, a ?xture to hold the 
coated plates in place can be used. 

[0048] In addition to coated plates, the plate carrier 3 has 
a dummy plate 5, Which holds a getter agent located in getter 
holding pilloW 2b. Preferably, getter holding pilloW 2b is 
placed on the dummy plate 5 and secured by means for 
holding using, for example, a spring holder. The spring 
holder secures the getter pilloW 2b to stay in place on the 
dummy plate. Preferably, the dummy plate 5 has an opening 
upon Which the getter holding pilloW 2b is placed and 
secured so that the getter holding pilloW 2b is in contact With 
the surrounding atmosphere from both sides of the pilloW, 
thereby doubling the effective surface area exposed to the 
surrounding atmosphere. 
[0049] Referring to FIG. 2, schematic of a packaged 
coated Workpiece, such as, resist coated mask plates 11 in a 
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sealed enclosure having multiple barriers is shoWn. The 
sealed enclosure includes an outer barrier 17 enclosing 
getter holding pilloW 12c and inner barrier 16 and its 
contents. Both outer barrier 17 and inner barrier 16 are 
formed from a material that is impervious to chemical 
contaminants. The inner barrier can optionally have one or 
more openings, Which make the inner barrier pervious to 
chemical contaminants. If the openings in the inner barrier 
16 are covered using a microporous material, it Will still 
remain pervious to chemical contaminants but impervious to 
other contaminants. 

[0050] In this embodiment, the contents of the sealed inner 
barrier 16 include, as in FIG. 1 above, resist coated mask 
plates 11, preferably disposed in grooves on plate carrier 13, 
Which can alternatively be a plate ?xture. The sealed inner 
barrier 16 contains getter agents placed in getter holding 
pilloWs 12a and 12b. The plate carrier 13 has a dummy plate 
15, Which holds a getter agent located in getter holding 
pilloW 12b. The resist coated mask plates 11, the dummy 
plate holding getter holding pilloW 12b and the plate carrier 
13 may be optionally placed in housing 14. Housing 14 can 
be a sealed enclosure, such as a box, or can be an enclosure 
having one or more openings to permit removal of the 
contaminants by the getter agent in the getter holding pilloW 
12a. The resist coated mask plates 11, the dummy plate 15, 
getter holding pilloW 12b and the plate carrier 13, in housing 
14 (if present), are placed directly in inner barrier 16 along 
With getter holding pilloW 12a so that additional getter 
capacity is provided by the getter holding pilloW 12a. 

[0051] Additional getter capacity is provided by the getter 
holding pilloW 12c because of the free How of vapors and 
gases through the openings in the inner barrier 16 betWeen 
the volume de?ned by the inner barrier and the volume 
formed betWeen the inner and outer barriers. As mentioned 
above, the inner barrier 16 Will remain pervious to chemical 
contaminants even When the openings are covered With a 
microporous material. 

[0052] Referring to FIG. 3 a plot of ?lm loss versus Wafer 
aging time for aging of KRS-XE resist coated Wafers 
packaged according to the present invention at different 
temperatures and humidities can be seen. In the absence of 
getter agents, ?lm loss after 30 days of storage Was signi? 
cant even at loW temperatures and humidity, such as, at 20° 
C. temperature and 44% relative humidity. At higher tem 
peratures and humidities, ?lm loss after just a feW days of 
storage Was dramatic. 

[0053] Referring to FIGS. 4a, 4b, 4c and 4d, Scanning 
Electron Micrographs (SEM) of KRS-XE resist coated 
Wafers resolved to 100 nm equal lines and spaces using tWo 
doses and after differing degrees of storage can be seen: a) 
20 ptC/cm2 after 50 days storage; b) 21 ptC/cm2 after 50 days 
storage; c) 20 ptC/cm2 after 0 days storage (control); and d) 
21 ptC/cm2 after 0 days storage (control). 

[0054] Referring to FIGS. 5a, 5b, 5c and 5d , Scanning 
Electron Micrographs (SEM) of KRS-XE resist coated 
Wafers resolved to 75 nm equal lines and spaces using tWo 
doses and after differing degrees of storage can be seen: a) 
20 ptC/cm2 after 50 days storage; b) 21 ptC/cm2 after 50 days 
storage2; c) 20 ptC/cm2 after 0 days storage (control); d) 21 
pC/cm after 0 days storage (control). 
[0055] When FIG. 4a is compared With FIG. 4c, FIG. 4b 
compared With FIG. 4d, FIG. 5a compared With FIG. 5c 
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and FIG. 5b compared With FIG. 5d, it is clearly seen that 
the results obtained for the the 50 days stored Wafers and the 
control Wafers are the same. The SEM images shoW that 
after 50 days of storage at ambient temperature and relative 
humidity, there Was no noticeable reduction or deterioration 
in sensitivity, performance, image resolution or image qual 
ity of the stored resist coated silicon Wafers from the 
controls. The KRS-XE ?lms did not degrade even after 50 
days of storage in the packaging system of the present 
invention. 

[0056] The present invention still further includes a pro 
cess for preparing a packaged coated Workpiece suitable for 
storage for a period of at least one Week Without substantial 
loss of sensitvity, resolution or performance. The process 
comprises the step of sealing a coated Workpiece and a getter 
agent in a barrier to enclose the coated Workpiece and the 
getter agent to produce the packaged coated Workpiece. 

[0057] In another embodiment, the present invention also 
includes a process for preparing a packaged coated Work 
piece suitable for storage for a period of at least one Week 
Without substantial loss of sensitvity, resolution or perfor 
mance. The process includes the steps of: sealing a coated 
Workpiece and optionally a ?rst getter agent in an inner 
barrier to enclose the coated Workpiece and the optional ?rst 
getter agent to produce a sealed ?rst enclosure; and sealing 
the sealed ?rst enclosure and optionally a second getter 
agent in an outer barrier to enclose the sealed ?rst enclosure 
and the second optional getter agent to produce the packaged 
coated Workpiece, provided that the packaged coated Work 
piece has at least one getter agent. 

[0058] The sealing is typically carried out using a Widely 
available heat-saeling device. After placing the coated Work 
piece in the barrier material bag or pouch, the open edge or 
edges of the bag or pouch are heat-pressed using the 
heat-saeling device. Preferably, the sealing step is repeated 
to obtain tWo or more seals, therby provide protection 
against a potential failure of one of the seals. 

[0059] In still another embodiment, the process can further 
comprise sealing the sealed ?rst enclosure and optionally an 
intermediate getter agent in an intermediate barrier to 
enclose the sealed ?rst enclosure and the optional interme 
diate getter agent to form an intermediate enclosure for 
enclosure Within the outer barrier. The process can further 
include forming additional intermediate barriers prior to 
enclosure Within the outer barrier. 

[0060] The present invention additionally includes a 
method of increasing the storage time of a coated Workpiece 
to at least one Week Without substantial loss of sensitvity, 
resolution or performance. The method comprises packag 
ing a coated Workpiece by a process comprising the step of 
sealing a coated Workpiece and a getter agent in a barrier to 
enclose the coated Workpiece and the getter agent to produce 
the packaged coated Workpiece. 

[0061] In yet another embodiment, the present invention 
includes a method of increasing the storage time of a coated 
Workpiece to at least one Week Without substantial loss of 
sensitvity, resolution or performance. The method comprises 
packaging a coated Workpiece by a process comprising: 
sealing a coated Workpiece and optionally a ?rst getter agent 
in an inner barrier to enclose the coated Workpiece and the 
optional ?rst getter agent to produce a sealed ?rst enclosure; 
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and sealing the sealed ?rst enclosure and optionally a second 
getter agent in an outer barrier to enclose the sealed ?rst 
enclosure and the optional second getter agent to produce 
the packaged coated Workpiece, With the proviso that the 
packaged coated Workpiece has at least one getter agent. 

[0062] The need to store plates in ambient conditions, 
Which subjects them to moisture, acids and bases, requires 
control of the environment. Protection from the outside 
agents enables economical processing of photomasks blanks 
and insures that the coated resist ?lms have a long shelf life. 

[0063] The invention is further described in the folloWing 
examples, Which are intended to be illustrative and not 
limiting. 

EXAMPLE 1 (COMPARATIVE) 

[0064] The sensitivity of coated ?lms is shoWn for KRS 
XE (Ketal Resist System) resist coated on silicon Wafers. 
Resist ?lm losses for a 3240 A ?lm after storage of the 
KRS-XE resist coated on silicon Wafers at room temperature 
in jar and development in 0.263N tetramethylammonium 
hydroxide are shoWn in the table beloW. 

Over Over Control process 
Acetic KOH/ Over Over development 

Storage acid K2CO3 Water Ammonia after PEBa 

Film Loss, 3240 A 105 A 395 A 210 A 115 A 

3 days (100%) 
Film Loss, 155 A 798 A 279 A 
15 days 
Film Loss, 125 A 1745 A 395 A 
23 days 

aPEB: Post Exposure Bake. 

EXAMPLE 2 (COMPARATIVE) 

[0065] KRS-XE coated silicon Wafers Were exposed to 
various environmental conditions and the resulting ?lm loss 
Was measured. Results obtained after one Week at room 
temperature are summariZed beloW. 

Thickness Film loss 
Environmental Original After 0.263N after 

Resists Condition Thickness TMAH 60 s Development 

KRS-XE21 44% Humidity 5127 A 5102 A 25 A 

(K2CO3 
With Water) 

KRS-XE21 75.7% Humidity 5134 A 2492 A 2642 A 
(NaCl With Water) 

KRS-XE21 Lab Air 5109 A 4862 A 881 A 

EXAMPLE 3 (COMPARATIVE) 

[0066] Acid Contamination Studies: 

[0067] KRS-XE resist coated silicon Wafers Were prepared 
and the ?lm thickness of the coating Was measured. The 
coated silicon Wafers Were placed in an environmental test 
chamber and stored for a predetermined period of time. After 
storage for the speci?ed period of time, the coated silicon 
Wafers Were immersed in a 0.263N tetramethylammonium 
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hydroxide (TMAH) developer for 60 seconds and the ?lm 
thickness of the coating Was measured again. Film loss after 
development Was measured and recorded. 

[0068] The amounts of ?lm loss after development are 
shoWn in the table beloW. 
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developed in 0.263N tetramethylammonium hydroxide 
(TMAH) to produce 100 nm and 75 nm lines and space 
features. The controls Were not stored, i.e., Were not sub 
jected to humidity. They Were patternWise exposed to elec 
tron beam radiation and developed on the same day. The 

Original Thickness of Film Loss 
Experimental Storage Film Film After After 
Conditions Time Thickness Development Development Comments 

Acetic 0 hour 5160 A 5122 A 38 A 
acid/Water 
(50/50) Mole 
ratio 
Acetic 
acid/Water 
(50/50) Mole 
ratio 
Acetic 
acid/Water 
(50/50) Mole 

1 hour 5178 A 3554 A 1624 A 

2 hours 5133 A 4252 A 881 A 

Acetic 2 hours 5122 A 4110 A 1021 A 

acid/Water 
(50/50) 
Mole ratio 
Acetic 
acid/Water 
(50/50) Mole 
ratio 
Acetic 
acid/Water 
(50/50) Mole hours 
ratio 

before 

19 hours 5138 A 0a 5138 Ab 

19 hours 5152 A 03 5152 Ab 

Film flushed 
With nitrogen 
until no smell of 

ratio acetic acid 
1/2 hr Wait 

development 

Pumped in 
Vacuum for 3 

aDissolved in 2—3 seconds 
bThe entire original ?lm Was lost 

EXAMPLE 4 (COMPARATIVE) 

[0069] Temperature and Humidity (RH) Chamber Studies: 

[0070] Aging at different temperatures and humidities of 
KRS-XE resist coated silicon Wafers in a Relative Humidity 
Chamber, i.e., in an RH Chamber, in the absence of getter 
agents Was investigated. Plot of ?lm loss versus Wafer aging 
time is shoWn in FIG. 3. In the absence of getter agents, ?lm 
loss after 30 days of storage Was signi?cant even at loW 
temperatures and humidity, such as, at 20° C. temperature 
and 44% relative humidity. At higher temperatures and 
humidities, ?lm loss after just a feW days of storage Was 
dramatic. 

EXAMPLE 5 

[0071] AKRS-XE resist coated silicon Wafer having a ?lm 
thickness of 350 nm Was packed according to the present 
invention in Moisture Barrier Bag® aluminum-metalliZed 
polyester having static dissipative polyethylene packaging 
material, available from 3M Company, Minneapolis, Minn., 
in the presence of a premixed Silica Gel/Charcoal in pilloW 
pack as the getter agent, available from Donaldson, Inc., 
Minneapolis, Minn. Potassium carbonate Was also included 
as an additional getter agent in a separate pilloW pack. The 
packaged resist coated Wafer Was stored at ambient tem 
perature and relative humidity for 50 days. Thereafter, the 
aged KRS-XE resist coated silicon Wafer Was exposed 
patternWise to a 75 kV electron beam radiation and then 

experimental details and results obtained are summariZed 
herein beloW and in FIGS. 4a, 4b, 4c, 4d, 5a, 5b, 5c and 5d. 
[0072] FIGS. 4a, 4b, 4c and 4d: Scanning Electron Micro 
graphs (SEM) of KRS-XE resolved to 100 nm equal lines 
and spaces using tWo doses and after differing degrees of 
storage: a) 20 ptC/cm2 after 50 days storage; b) 21 ptC/cm2 
after 50 days storage; c) 20 ptC/cm2 after 0 days storage 
(control); d) 21 ptC/cm2 after 0 days storage (control). FIGS. 
5a, 5b, 5c and 5d : Scanning Electron Micrographs (SEM) 
of KRS-XE resolved to 75 nm equal lines and spaces using 
tWo doses and after differing degrees of storage: a) 20 
pC/cm after 50 days storage; b) 21 ptC/cm2 after 50 days 
storage2; c) 20 ptC/cm2 after 0 days storage (control); d) 21 
pC/cm after 0 days storage (control). FIG. 4a is compared 
With FIG. 4c; FIG. 4b is compared With FIG. 4d; FIG. 5a 
is compared With FIG. 5c; and FIG. 5b is compared With 
FIG. 5d. It is clearly seen from the Figures that the results 
obtained are the same for the control Wafers, Which are not 
stored, and the 50 days stored Wafers. The above described 
SEM images shoW that the KRS-XE ?lms do not degrade 
even after 50 days of storage in the above described pack 
aging system. Thus, after 50 days of storage at ambient 
temperature and relative humidity, there Was no noticeable 
reduction or deterioration in sensitivity, performance, image 
resolution or image quality of the stored resist coated silicon 
Wafers When compared With the resist coated silicon Wafer 
controls, Which Were not stored. 

[0073] The present invention has been described With 
particular reference to the preferred embodiments. It should 
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be understood that the foregoing descriptions and examples 
are only illustrative of the invention. Various alternatives 
and modi?cations thereof can be devised by those skilled in 
the art Without departing from the spirit and scope of the 
present invention. Accordingly, the present invention is 
intended to embrace all such alternatives, modi?cations, and 
variations that fall Within the scope of the appended claims. 

What is claimed is: 
1. A packaged coated Workpiece comprising: 

a Workpiece coated With a resist ?lm sensitive to optical 
radiation, particulates or chemical contaminants; 

a sealed enclosure comprising one or more barriers for 
isolating said coated Workpiece from an outside envi 
ronment; and 

one or more getter agents for producing an enclosure 
substantially free of chemical contaminants; 

Wherein said packaged coated Workpiece is suitable for 
storage for a period of at least one Week Without 
substantial loss of sensitvity, resolution or process 
latitude. 

2. The packaged coated Workpiece of claim 1, Wherein 
said resist ?lm is a chemically ampli?ed resist or a non 
chemically ampli?ed resist. 

3. The packaged coated Workpiece of claim 2, Wherein 
said coated Workpiece is a resist-coated mask blank. 

4. The packaged coated Workpiece of claim 3, Wherein 
said coated Workpiece is a resist-coated chrome ?lm on a 
quartZ blank. 

5. The packaged coated Workpiece of claim 1, Wherein 
said Workpiece is a substrate suitable for microelectronic 
device fabrication. 

6. The packaged coated Workpiece of claim 1, Wherein 
said Workpiece is a substrate suitable for fabrication of a 
mask selected from the group consisting of: an electron 
beam, X-ray, particle beam, excited state atom beam, ion 
beam and photo mask. 

7. The packaged coated Workpiece of claim 1, Wherein 
said sealed enclosure comprises an inner barrier and an outer 
barrier. 

8. The packaged coated Workpiece of claim 7, Wherein 
said inner and outer barriers are formed from a material 
Which is impervious to optical radiation and particulates. 

9. The packaged coated Workpiece of claim 8, Wherein 
said particulates comprise dust. 

10. The packaged coated Workpiece of claim 8, Wherein 
said optical radiation is selected from the group consisting 
of: ultraviolet (UV) radiation and visible radiation. 

11. The packaged coated Workpiece of claim 10, Wherein 
said ultraviolet (UV) radiation is a deep ultraviolet radiation. 

12. The packaged coated Workpiece of claim 7, Wherein 
said inner and outer barriers are formed from a material 
Which is impervious, to a chemical contaminant, With the 
proviso that said inner barrier optionally has one or more 
openings for making said inner barrier pervious to said 
chemical contaminants. 

13. The packaged coated Workpiece of claim 12, Wherein 
said one or more openings in said inner barrier optionally are 
covered by a microporous material thereby making said one 
or more covered openings impervious to particulates. 

14. The packaged coated Workpiece of claim 13, Wherein 
said chemical contaminant is a solid, liquid or vapor con 
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taminant capable of causing a reduction in at least one 
performance property of said coated Workpiece. 

15. The packaged coated Workpiece of claim 13, Wherein 
said chemical contaminant comprises an acid precursor or a 
base precursor. 

16. The packaged coated Workpiece of claim 15, Wherein 
said acid precursor comprises NO2 and SO2 emissions and 
moisture. 

17. The packaged coated Workpiece of claim 13, Wherein 
said chemical contaminant is an acid or a base. 

18. The packaged coated Workpiece of claim 13, Wherein 
said chemical contaminant is moisture. 

19. The packaged coated Workpiece of claim 8, Wherein 
said inner and outer barriers are formed from a material 
selected from the group consisting of: a metal foil, a plastic 
and a ?lled plastic. 

20. A packaged coated Workpiece comprising: 

a Workpiece coated With a resist ?lm sensitive to optical 
radiation, particulates or chemical contaminants; 

a sealed enclosure comprising an inner barrier and outer 
barrier for isolating said coated Workpiece from an 
outside environment; and 

at least one getter agent enclosed Within said inner barrier 
and/or said outer barrier for producing an enclosure 
substantially free of chemical contaminants; 

Wherein said packaged coated Workpiece is suitable for 
storage for a period of at least three months Without 
substantial loss of sensitvity, resolution or process 
latitude. 

21. A packaged coated Workpiece comprising: 

a Workpiece coated With a resist ?lm sensitive to optical 
radiation, particulates or chemical contaminants; 

an inner barrier sealed to enclose said coated Workpiece 
and optionally a ?rst getter agent, to produce a sealed 
?rst enclosure; and 

an outer barrier sealed to enclose said sealed ?rst enclo 
sure and optionally a second getter agent, to produce a 
packaged coated Workpiece suitable for storage for a 
period of at least one Week Without substantial loss of 
sensitvity, resolution or performance, With the proviso 
that said packaged coated Workpiece has at least one 
getter agent. 

22. The packaged coated Workpiece of claim 21, Wherein 
said resist ?lm is a chemically ampli?ed resist or a non 
chemically ampli?ed resist. 

23. The packaged coated Workpiece of claim 22, Wherein 
said coated Workpiece is a resist-coated mask blank. 

24. The packaged coated Workpiece of claim 23, Wherein 
said coated Workpiece is a resist-coated chrome ?lm on a 
quartZ blank. 

25. The packaged coated Workpiece of claim 21, Wherein 
said Workpiece is a substrate suitable for microelectronic 
device fabrication. 

26. The packaged coated Workpiece of claim 21, Wherein 
said Workpiece is a substrate suitable for fabrication of a 
mask selected from the group consisting of: an electron 
beam, X-ray, particle beam, excited state atom beam, ion 
beam and photo mask. 

27. The packaged coated Workpiece of claim 21, Wherein 
said inner and outer barriers are formed from a material 
Which is impervious to optical radiation and particulates. 
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28. The packaged coated workpiece of claim 27, Wherein 
said particulates comprise dust. 

29. The packaged coated Workpiece of claim 27, Wherein 
said optical radiation is selected from the group consisting 
of: ultraviolet (UV) radiation and visible radiation. 

30. The packaged coated Workpiece of claim 29, Wherein 
said ultraviolet (UV) radiation is a deep ultraviolet radiation. 

31. The packaged coated Workpiece of claim 21, Wherein 
said inner and outer barriers are formed from a material 
Which is impervious, to a chemical contaminant, With the 
proviso that said inner barrier optionally has one or more 
openings for making said inner barrier pervious to said 
chemical contaminants. 

32. The packaged coated Workpiece of claim 31, Wherein 
said one or more openings in said inner barrier optionally are 
covered by a microporous material thereby making said one 
or more covered openings impervious to particulates. 

33. The packaged coated Workpiece of claim 32, Wherein 
said chemical contaminant is a solid, liquid or vapor con 
taminant capable of causing a reduction in at least one 
performance property of said coated Workpiece. 

34. The packaged coated Workpiece of claim 32, Wherein 
said chemical contaminant comprises an acid precursor or a 
base precursor. 

35. The packaged coated Workpiece of claim 34, Wherein 
said acid precursor comprises NO2 and SO2 emissions and 
moisture. 

36. The packaged coated Workpiece of claim 32, Wherein 
said chemical contaminant is an acid or a base. 

37. The packaged coated Workpiece of claim 32, Wherein 
said chemical contaminant is moisture. 

38. The packaged coated Workpiece of claim 21, Wherein 
each of said ?rst and said second getter agents is capable of 
maintaining Within said enclosures a relative humidity level 
of less than 25% at room temperature. 

39. The packaged coated Workpiece of claim 38, Wherein 
each of said ?rst and said second getter agents is indepen 
dently selected from the group consisting of: a chemical 
drying agent, an absorbent for Water, an absorbent for a base, 
an absorbent for an acid, an absobent for a gas and a 
combination thereof. 

40. The packaged coated Workpiece of claim 39, Wherein 
each of said ?rst and said second getter agents is indepen 
dently selected from the group consisting of: alumina, silica 
gel, activated charcoal, citric acid, potassium carbonate, an 
amine and a combination thereof. 

41. The packaged coated Workpiece of claim 40, Wherein 
each of said ?rst and said second getter agents is a combi 
nation of silica gel, activated charcoal and potassium car 
bonate. 

42. The packaged coated Workpiece of claim 21, Wherein 
at least some of said ?rst or said second getter agent is 
enclosed in a microporous material. 

43. The packaged coated Workpiece of claim 21, Wherein 
said microporous material is a ?uorinated hydrocarbon 
material. 

44. The packaged coated Workpiece of claim 43, Wherein 
said ?uorinated hydrocarbon material is selected from the 
group consisting of: a ?uorocarbon, vinylidene ?uoride 
homopolymer, vinylidene ?uoride copolymer, GoreteXTM, 
Te?onTM and a combination thereof. 

Mar. 11, 2004 

45. The packaged coated Workpiece of claim 21, Wherein 
said said inner and outer barriers are formed from a material 
selected from the group consisting of: a metal foil, a plastic 
and a ?lled plastic. 

46. The packaged coated Workpiece of claim 45, Wherein 
said said material is selected from the group consisting of a 
carbon ?lled plastic, gra?te ?lled plastic, metal particle, 
metal platelet or metal ?bre ?lled plastic, organic or inor 
ganic ionic conductor ?lled plastic, ultraviolet absorber 
containing plastic, infrared absorber containing plastic, and 
a combination thereof. 

47. The packaged coated Workpiece of claim 21, Wherein 
each of said inner barrier and said outer barrier is a sealable 
bag. 

48. The packaged coated Workpiece of claim 21, further 
comprising betWeen said inner barrier and said outer barrier, 
an intermediate barrier sealed to enclose said sealed ?rst 
enclosure and optionally an intermediate getter agent, to 
produce a sealed intermediate enclosure. 

49. The packaged coated Workpiece of claim 48, further 
comprising additional intermediate barriers. 

50. A process for preparing a packaged coated Workpiece 
suitable for storage for a period of at least one Week Without 
substantial loss of sensitvity, resolution or performance, said 
process comprising the step of: 

sealing a coated Workpiece and a getter agent in a barrier 
to enclose said coated Workpiece and said getter agent 
to produce said packaged coated Workpiece. 

51. A process for preparing a packaged coated Workpiece 
suitable for storage for a period of at least one Week Without 
substantial loss of sensitvity, resolution or performance, said 
process comprising the steps of: 

sealing a coated Workpiece and optionally a ?rst getter 
agent in an inner barrier to enclose said coated Work 
piece and said optional ?rst getter agent to produce a 
sealed ?rst enclosure; and 

sealing said sealed ?rst enclosure and optionally a second 
getter agent in an outer barrier to enclose said sealed 
?rst enclosure and said second optional getter agent to 
produce said packaged coated Workpiece, With the 
proviso that said packaged coated Workpiece has at 
least one getter agent. 

52. The process of claim 51, Wherein said coated Work 
piece is a resist-coated mask blank. 

53. The process of claim 51, further comprising sealing 
said sealed ?rst enclosure and optionally an intermediate 
getter agent in an intermediate barrier to enclose said sealed 
?rst enclosure and said optional intermediate getter agent to 
form an intermediate enclosure for enclosure in said outer 
barrier. 

54. The process of claim 53, further comprising forming 
additional intermediate barriers prior to enclosure in said 
outer barrier. 

55. A method of increasing the storage time of a coated 
Workpiece to at least one Week Without substantial loss of 
sensitvity, resolution or performance, said method compris 
ing: 

packaging a coated Workpiece by a process comprising 
the step of: 

sealing a coated Workpiece and a getter agent in a 
barrier to enclose said coated Workpiece and said 
getter agent to produce said packaged coated Work 
piece. 
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56. A method of increasing the storage time of a coated workpiece and said optional ?rst getter agent to 
Workpiece to at least one Week Without substantial loss of Produce a Sealed ?rst eIlclosllre; and 
sensitvity, resolution or performance, said method cornpris- Sealing Said Sealed ?rst 6I1C10Sllre and optionally a 
ing; second getter agent in an outer barrier to enclose said 

sealed ?rst enclosure and said optional second getter 
packaging a coated Workpiece by a process comprising: agent to prodllce Sald packaged Coated Workplece> 

With the proviso that said packaged coated Work 

sealing a coated Workpiece and optionally a ?rst getter plece has at least one getter agent‘ 

agent in an inner barrier to enclose said coated * * * * * 


